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Abstract. Food security and diet-related factors associated with gut microbiota composition and diversity in
human populations: a systematic literature review. Nurwati Y., Diana R., Hardinsyah H., Anggraini R.,
Nur Afifah C.A., Ismawati R.,Fikri A.M., Pranoto A. One of the key roles of the gut microbiota is to maintain human
health. Food security, including diet-related factors such as diet quality, food access, and socioeconomic conditions, may
influence dietary intake and, consequently, gut microbiota composition. This systematic review aimed to synthesize
evidence from studies in human populations regarding the associations of food security and diet-related factors with gut
microbiota diversity and composition. A literature search was conducted in the PubMed, Scopus, Google Scholar,
Crossref, and Semantic Scholar databases for articles published between 2005 and 2025, following the PRISMA
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guidelines. The review included observational and interventional studies in humans that directly assessed food security
status or used related indicators, such as diet quality, dietary patterns, and socioeconomic status, and reported findings
on gut microbiota diversity or composition based on sequencing analysis. A total of 20 studies met the inclusion criteria.
In general, studies that directly assessed food security reported differences in gut microbiota diversity and composition
between groups with different levels of food security. Other studies using diet-related factors showed that higher-quality
diets, particularly those rich in plant foods and fiber, were associated with greater microbiota diversity and a higher
abundance of short-chain fatty acid — producing bacteria. Meanwhile, low-quality diets or limited access to food were
often associated with less diverse microbiota and a predominance of opportunistic bacteria. These findings varied across
age groups and geographic contexts, with the majority of evidence coming from observational studies. In conclusion, this
systematic review demonstrates associations of food security and diet-related factors with gut microbiota diversity and
composition in human populations. However, heterogeneity in the definitions of food security, variations in microbiota
assessment methods, and limitations in study designs require cautious interpretation of the results. Longitudinal and
experimental studies using standardized measures of food security are needed to strengthen the existing evidence.

Pedepar. IlpogoBosnbua Oe3dmexka Ta NoOB’A3aHi 3 XapuyBaHHsAM ¢akTopu, acomiioBaHi 3i ckiagom i
pi3HOMaHITHiCTIO MIKPO0iOTH KHIIKIBHHKA B JIIOACBKIi mOmynsAmii: cHUCTeMATHYHHH OrJIA] JliTepaTypH.
Hypsari 0., Jdiana P., I'apnaincax I'., Anrrpaini P., Hyp Adida U.A., Icmasari P., ®ikpi A.M., [Ipanoro A.
OoHi€ro 3 KII0408UX poaiell MIKpoOiomu KUWKIBHUKA € NIOMPUMAarHs 300po8 s irodunu. Ilpodosonvua besnexa, 30kpema
Nno8’A3aHI 3 Xapuy8aHHAM (axmopu, maxi AK AKICMb payioHy, 00CMYNHICMb NPOOYKMI8 XAPYY8AHHA MA COYIANbHO-
EeKOHOMIYHI YMOBU, MOdCce 8NIUBAMU HA BIOMIHHOCMI 8 Xapakmepi Xapuy8aHus i, 8i0N0GiOHO, HA CKIA0 MIKpobiomu
KuwikisHuka. Memorw yb0o2o cucmemamuyno2o 021a0y € y3a2albHeHHA OAHUX O0O0CTIONCeHb 3d y4acmio niooeli uooo
63A€EMO38 "S3KY MIJC NPOOOBONLYOI0 OE3NEKOI0 MA NO8 S3AHUMU 3 XAPYUYBAHHAM (akmopamu, 3 00H020 60Ky, i pi3HO-
MAHIMHICMIO MA CKIA0OM MIKpOOIomu KUWKIGHUKA — 3 IHut020. Tloutyk nimepamypu nposoodunu 6 6azax oanux PubMed,
Scopus, Google Scholar, Crossref ma Semantic Scholar 3a nybnixayismu, onyonixosanumu y 2005-2025 pokax, 6io-
nosiono 0o pexomenoayii PRISMA. Jlo oensidy exmouanu obcepsayiiini ma iHmepeeHyiuHi O0CTIONCEeHHs 34 YHaACIIO
arodell, y AKUX 0e3nocepeOHbO OYIHIOBAIU CMAH NPO006ObYOI be3neku adbo GUKOPUCMOBYBANU NOG SI3AHI 3 HUM NO-
KA3HUKY, MAKI AK AKICMb pAYiony, Xapakmep CROACUBAHHSL iCT Ma cOYiaNbHO-eKOHOMIYHUL CIAMYC, d MAKOINC HABOOUNU
pe3yabmamu Wooo PiHOMAHIMHOCME A60 CKIAdy MIKpOOiomu KUWKIGHUKA HA OCHOBI aHANI3Y CEeK8EeHYB8AHHs. 3azanom
Kpumepiam kitoyeHHs ionogioanu 20 0ocnioxcensv. YV yinomy 0ocniodncenHs, y AKUX 6e3n0cepeorHbo OYiHI8aANU NPO-
0080164y Oe3neKy, 8UAGUIU 8IOMIHHOCII 8 PISHOMAHIMHOCMI MA CKAA0I MIKpOOIiOmuU KUWKIBHUKA MIdHC 2DYNAMU 3 DI3HUM
pisHem npo0ooeonvbuoi besneku. B iHwux 00CaiOHCeHHAX, Y AKUX GUKOPUCTIOBYBANU NO8 A3AHI 3 XAPUYBAHHAM hakmopu,
0y10 NOKA3AHO, WO payionu 8uwoi AKocmi, 30Kpema bazami Ha POCIUHHI NPOOYKMU MA KIIMKOBUHY, ACOYIIOIOMbCA 3
OinbUIOI0 PIZHOMAHIMHICMIO MIKPODIOmMU Ma NIOBUUEHOI0 YUceNbHICTNI0 bakmepitl, Wo NPOOYKYIOMb KOPOMKOLAHYIO208]
orcupHi kucromu. Boonouac payionu Huswbkoi sxkocmi abo obmedscenuil 0ocmyn 00 HPOOVKMI6 Xapuye8aHHA YACHO
acoyiiosanucst 3 MeHu PizHOMAHIMHOI MIKDOOIOMOI0 Ma NePEeBaANCAHHAM YMOBHO-NAMO2eHHUX oaxmepii. Li pe3yno-
mamu GIOPI3HIOMbCSL 3ANENHCHO 6I0 GIKOBUX 2PYN [ 2€02PADIUHUX YMO8, NPUYOMY OLIbUiCmb 00KA3I6 OMPUMAHO 6
obcepsayiinux odocuioxcennsnx. Omoice, yeli CUCMEMAMUYHULL 02780 OEMOHCMPYE HAABHICb B3AEMO38 3KV MIC
nPOO0BONILYUOID DE3NEKOI0 MA NO8 A3AHUMU 3 XAPYYBAHHAM BAKMOPAMU, 3 00HO20 OOKY, | PISHOMAHIMHICMIO MA CKAA0OM
MIKpOOIomu KUWKIGHUKA 8 TIOOCLKUX NONYAAYIAX — 3 iHuL020. OOHAK HeOOHOPIOHICMb GUHAYEHb NPOO0BOILYOT De3neKu,
BIOMIHHOCI 8 Memooax OYIHIOGAHHS MIKpOOiomu ma 00MedCeHHs Ou3atiHy 00CioNCceHb nompebyioms 006epedcHol
iHmepnpemayii ompumaHux pezyiemamis. [[ia NOCUleHHA HAA8HOI O00KA3060i 0a3u HeoOXIOHi JOHZIMIOOHI ma
eKCnepUMeHMANbHI O0CHIOHNCEHHS 3 GUKOPUCTAHHAM CMAHOAPMU308AHUX MemOo0i8 OYIHIOBAHHS NPOO0BOILYOT be3neKil.

The human gastrointestinal tract not only digests
food and absorbs nutrients but also defends against
disease-causing microbes (pathogens),contributes to
immune homeostasis, and plays a role in regulating
the immune system. The amount and quality or type
of food components or nutrients influence the chan-
ges in the composition and diversity of gut microbiota
including the relative abundance of commensal taxa,
short-chain fatty acids (SCFA)-producing bacteria,
proteolytic bacteria, and opportunistic taxa. Indiges-
tible carbohydrates, a major components of dietary
fiber, are fermented by fiber-degrading bacteria to
produce SCFAs that support intestinal homeostasis
under physiological conditions [1, 2]. In contrast,
undigested proteins, of which an estimated 12-
18 grams of protein reach the intestine daily and
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undergoes fermentation by the colonic micro-
biota[3,4], can serve as a substrate for the growth of
proteolytic bacteria that produce branched-chain fatty
acids such as isobutyrate, isovalerate, as well as
nitrogen metabolites such as ammonia and p-cresol
[4]. Meanwhile, dietary fat stimulates the secretion of
bile acids from the gallbladder into the small
intestine, where primary bile acids are further modi-
fied by intestinal bacteria into secondary bile acids
through the processes of deconjugation and dehy-
droxylation [5]. Approximately 5% of conjugated bile
acids that escape ileal reabsorption reach the colon
and undergo further metabolism by the colonic
microbiota, thereby influencing the composition and
diversity of the gut microbiota [6].
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MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

The human gut microbiota, with the colon as its
major reservoir, plays a key role in enabling and
maintaining health by engaging in digestion, metabolic
regulation, immune modulation, and neurodevelop-
ment. Diversity and composition in this complex
ecosystem, comprising trillions of microorganisms, are
formed by multiple host, dietary, lifestyle, and en-
vironmental factors [7-9]. Considering the fact that up
to 1,150 bacterial species may inhabit the human gas-
trointestinal tract, with the average healthy individual
hosting 160 different species, the dominant phyla
include Actinobacteria, Bacteroidetes, Firmicutes,
Proteobacteria, and Verrucomicrobia, with Firmicutes
and Bacteroidetes alone accounting for nearly 90% of
the total microbial community [10, 11].

The last two decades of growing research have
proven that ecological imbalance is a sign of
microbiota dysbiosis. One of the most significant
environmental and socioeconomic factors affecting
gut microbiota dysbiosis is food intake, which is
linked to food security status. Food security, inclu-
ding the availability, accessibility, and utilization of
food, remains a cornerstone of public health globally
[12]. In contrast, food insecurity, which indicates
limited or no access to sufficient nutritious food, has
the potential to decrease diet diversity and quality. In
the long term, food insecurity can reduce dietary
diversity and quality and can be categorized as mild,
moderate, or severe [13]. The human gut microbiota
is a complex ecosystem strongly influenced by diet-
related factors, including food availability, acces-
sibility, and utilization — dimensions that are closely
linked to socioeconomic status, which forms indivi-
duals' capacity to access and consume nutritionally
adequate diets [14, 15, 16].

These identified factors include low income,
lower education, restricted community access to
technology, particularly food-processing technolo-
gies, and limited household availability of food high
in protein, vitamins, and minerals. Robinson et al.
[17] also highlighted social equity as a major research
priority in microbiome science, emphasizing the need
to better understand how social conditions shape
microbial exposures and health outcomes.Insufficient
household food access may result in stunted children
[18]. A study by Khine et al. [19] showed that dietary
variables and the gastrointestinal environment had an
influence on children’s microbiota profiles more
strongly than does maternal microbial transmission.
Children’s faecal microbiota changes from Bac-
teroides and Bifidobacterium to Prevotella as a result
of dietary changes following weaning, which lowers
Bifidobacterium levels [19]. Poor nutrition among
toddlers and pre-schoolers has been reported to be
associated with reduced gut microbiota diversity and
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increased Firmicutes-to-Bacteroidetes ratio, an
indication of a dysbiosis condition [20].

Astudy by Ratnayani et al. [21] further highlights
the interconnected influence of diet, environmental
factors, and lifestyle on the gut microbiota compo-
sition. The results showed that stunted children were
shown to have higher levels of potentially pathogenic
bacteria, such as Escherichia coli, Enterococcus,
Mitsuokella, and Providencia alcalifaciens, whereas
non-stunted children demonstrated higher abun-
dances of beneficial bacteria such as Bifidobacterium,
Lactobacillus, and Akkermansia muciniphila. Deter-
minants such as delivery mode, exclusive breast-
feeding, sanitation practices, drinking water quality,
and overall nutrient intake play critical roles in
modulating gut microbiota composition [21]. Simi-
larly, a study in Bangladesh revealed that despite
nutritional interventions with the use of ready-to-use
therapeutic foods (RUTF) and Kichuri Halwa, there
remain chronic gut microbiota immaturity in mal-
nourished children, suggesting that longer-term inter-
ventions or microbial supplementation may be needed
for restoration of gut microbial development [22].

Food insecurity can contribute to nutritional
deficiencies, thus adversely affecting the gut micro-
biome composition. Based on the bidirectional rela-
tionships between food security, diet quantity and
quality, health, and the gut microbiota, this systematic
review aims to summarize scientific evidence regar-
ding the relationship between food security and dietary
factors on gut microbiota diversity and composition in
human populations. This review is expected to clarify
the role of food security as an indirect determinant of
the microbiota through diet quality, while also
identifying evidence gaps for further research.

This research paper is structured over several
sections. First, the methodology describes the search
strategy, eligibility criteria, and data extraction
procedures. Later, the results section integrates the
findings obtained from the literature review. Further,
the discussion section examines the findings and
limitations of the review. Finally, the conclusion
summarizes the key findings and provides recom-
mendations for future research. Following this struc-
tured approach, the research aims to provide critical
insights for nutrition policies, especially to improve
food security condition and microbiome-targeted
interventions to achieve the Sustainable Development
Goals (SDGs), especially those aimed to ending
hunger and malnutrition by 2030.

MATERIALS AND METHODS OF RESEARCH

This review was conceived as a systematic review
to identify, select, and synthesize human studies
reporting associations between food security or diet-
related factors on gut microbiota diversity and
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composition. A systematic literature search was
conducted from June 2025 to December 2025. Dupli-
cate records were identified and removed using
Covidence software prior to screening. The screening
process was conducted in two stages: title and
abstract screening followed by full-text assessment,
both performed independently by two reviewers.
Disagreements were resolved through discussion or
consultation with a third reviewer. Studies were
excluded if they were not published in English,
involved non-human subjects, did not report gut
microbiota outcomes, or lacked data on dietary or
food security exposures.

A literature search was conducted using PubMed,
Scopus, Google Scholar, Crossref, and Semantic
Scholar databases. The search was conducted for ar-
ticles published between 2005 and 2025. The key-
words used were combined using the following
Boolean operators: (“food insecurity” OR “food secu-
rity” OR “diet quality” OR “food access” OR “socio-
economic status””) AND (“gut microbiota” OR “gut
microbiome”) AND (“diversity” OR “composition”).

follows: (((“food security”[ Title/Abstract]) OR (“diet
quality”’[Title/Abstract]) OR (“dietary pattern™[Tit-
le/Abstract]) OR (“food access”[Title/Abstract]) OR
(“socioeconomic  status”[Title/Abstract])) AND
((“gut microbiota”[Title/Abstract]) OR (“gut micro-
biome”[Title/Abstract])) AND ((“diversity”’[Tit-
le/Abstract]) OR (“composition”[Title/Abstract]))).
Based on preliminary evidence suggesting a link
between food security, dietary patterns, and microbial
health, this systematic review hypothesizes that food
security status and diet-related factors are associated
with gut microbiota diversity and composition in
human populations. Furthermore, a better-quality diet
is expected to be associated with higher microbiota di-
versity and a greater proportion of short-chain fatty
acid (SCFA)-producing bacteria. This identification
step, with the application of these keywords, yielded a
total of 407 articles. Figure illustrates the steps invol-
ved in conducting this systematic literature review.

Ethical approval for the study was granted by the
Ethical Committee Universitas KH. A.Wahab Has-
bullah (No. Ket-081/LPPM-

An example of the search strategy in PubMed is as UNWAHA/S.Ket/IV/2026).

c
L Studies from databases/registers (n = 407)
8
EE
€ v « | References removed (n = 42)
-3 4 Duplicates identified (n = 42)

\4

Studies screened {n = 365) > Studies excluded (n = 312)

Y
g
'E Studies sought for retrieval {n = 53) Studies not retrieved (n = 0)
Q
’ v

«| Studies excluded {n = 33)
Studies assessed for eligibility {n = 53) - Wrong outcomes (n = 18)
Not in human population {n =9)
Not assess food security or related dietary
— factors(n=6)
-
]
o
3
g
- Studies included in review (n = 20)
—
PRISMA flow diagram

216

Ha ymoeax niyensii CC BY 4.0



MEJINYHI IIEPCIIEKTUBU / MEDICNI PERSPEKTIVI

Data sources were chosen based on predefined
criteria established by the authors. Eligible studies
were defined as follows: 1) original research written
in English; 2) research in human populations; 3) as-
sessed food security directly or using related indi-
cators (diet quality, food access, or socioeconomic
status); 4) reported results on gut microbiota diversity
or composition based on sequencing analysis; 5) ob-
servational or interventional study designs. The selec-
tion process followed PRISMA guidelines. Both the
selection and screening were conducted collabo-
ratively by the authors through iterative evaluation.

Extracted data included authors, study design,
population characteristics, location, method of asses-
sing food security or dietary factors, microbiota ana-
lysis method, and key outcomes related to gut micro-
biota diversity and composition. The methodological
quality of cross-sectional and longitudinal observa-
tional studies (13 studies) was assessed using the New-
castle-Ottawa Scale (NOS) and studies with randomi-
zed controlled trial designs (7 studies) were assessed
using the Cochrane Risk of Bias tool version 2 (RoB 2).
Assessments were conducted independently by two
authors and discrepancies were resolved through
discussion. Most observational studies demonstrated
good to high methodological quality (NOS 8-9/10)
(Table 2 and 3). RCTs generally showed a risk of bias
of some concern, primarily due to the lack of blinding
and short intervention duration. Overall, the quality of
evidence was assessed as adequate for the systematic
review. Due to heterogeneity in study designs, food

security measurement methods, and microbiota out-
comes, a structured narrative synthesis was conducted.
Results are presented by age group and type of
exposure to food security or diet-related factors.

RESULTS AND DISCUSSION

A literature search of scientific databases yielded
a number of articles, which were then selected
through identification, title and abstract screening,
and full-text evaluation. After eliminating duplicates
and applying inclusion criteria, 20 studies were
eligible for analysis in this systematic review
(Table 1). The detailed study selection process is
shown in the PRISMA diagram (Figure). The inclu-
ded studies came from various geographic regions,
including Europe, Asia, North America, and Latin
America. This diversity of study locations allows for
exploration of the relationship between food security,
dietary patterns, and gut microbiota in populations
with different socioeconomic and cultural back-
grounds. Therefore, the results of this review reflect
evidence from diverse geographic and socioeconomic
contexts of microbiota variation associated with
dietary factors and food access. A recent narrative
synthesis by Ratcliff et al. reviewed 26 studies inves-
tigating the relationship between socioeconomic
position and gut microbiota. While their review
provided an important conceptual overview, our
systematic review expands the evidence by incor-
porating more recent studies and applying a struc-
tured systematic-review methodology [15].

Table 1

Selected studies in this review (20 studies)

Author Design Subjects Location Methods Results
Bixby et al Cross- 643 participants Madison Individual nutrition scores were  The average MNI was 66.5 and
[23] sectional from the Survey calculated using the My 22.8% of participants were food

of the Health
Wisconsin
(SHOW) and its
ancillary
Wisconsin
Microbiome
Study (WMS)

Nutrition Index (MNI) from
food frequency questionnaires
(FFQ) and demographic
surveys.

Food security assessment:
self-reported questionnaires
Gut microbiome analysis:

insecure. Increased MNI was
significantly associated with gut
microbiome alteration, with
Ruminococcus, Oscillospira,

and Blautia among the most heavily
weighted of the 21 genera
associated with the MNI score.

16S amplicon sequencing of
DNA extracted

from stool samples
Associations, adjusted for
confounding and interaction
by food security, were
estimated using Weighed
Quantile Sum (WQS)
regression models with Random
Subset and Repeated Holdout
extensions (WQSRSRH)

26/Tom XXXI/3
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Table 1 (continued)

Author Design Subjects Location Methods Results
Bisanz et al. Randomized A group Mwanza, Blood-metal analysis: HR-SF- The children and pregnant women
[24] open-label of 44 school- Tanzania ICP-MS in the study were found to have
pilot study aged children Gut microbiome analysis: 16S elevated blood levels of lead and
was followed rRNA sequencing on Ion mercury compared to age- and sex-
over 25 days, Torrent platform DNA matched Canadians
and 60 pregnant Extraction: EZNA stool kit Consumption of probiotic yoghurt
women were had a protective effect against
followed over further increases in mercury and
their last two arsenic blood levels in the pregnant
trimesters until women, but this trend was
birth not statistically significant
administered, in the children
while control Elevated blood lead was associated
group received with increases in
either whole Succinivibrionaceae and
milk or no Gammaproteobacteria relative
intervention abundance levels in stool
Noh et al. Cross- 222 healthy The Lifestyle questionnaire and a A plant-and fermented food-based
[25] sectional Koreans aged Republic food frequency questionnaires diet was positively associated with
18-58 years of Korea (FFQ) on-site fecal higher alpha diversity and
beneficial Firmicutes genera such
as Lactobacillus, Ruminococcus,
and Eubacterium. The
Ruminococcus heterotype was
associated with higher intake of
vegetables, seaweeds, and
nuts/seeds, and higher scores of the
high alpha diversity dietary pattern
Garcia-Vega  Cross- 441 Colombians  Colombia Dietary data were collected Individuals with higher intake of
et al. [26] sectional 18-62 years of using 24-hour dietary recalls. plant-based nutrients had higher
age, sex, age Gut microbiota was assessed microbial diversity and a
groups (18-40 using PCR amplification and microbiota rich in
and 41-62 years) sequencing of the 16S rRNA SCFA-producing bacteria.
and BMI (lean, gene. Diets high in animal products and
overweight, and ultra-processed foods were
obese) associated with an inflammatory
microbiota characterized
by bile-tolerant and opportunistic
pathogens
Diet quality was strongly associated
with gut microbiota composition
with plant-based diets promoting
a healthier microbiota
Han et al. Randomized- 24 obese women  The Pyrosequencing was used to Fermented kimchi decreased the
[27] controlled (30-60 years) Republic analyze fecal microbiota Firmicutes/Bacteroidetes ratio,
trial were randomly of Korea increased Bacteroides and
assigned to Prevotella and decreased Blautia,
either fresh or indicating a shift towards
fermented a lean enterotype pattern.
kimchi group
for eight weeks
of intervention
Foerster et Randomized- 20 healthy Germany Gut microbiome analysis used Dietary intervention with whole
al. [28] crossover adults consumed 16S rRNA-based denaturing grain (WG) and red meat (RM)
intervention two isocaloric gradient gel electrophoresis modified intestinal microbiota
trial diets; one rich in (DGGE) composition with 8 bands changing

whole grain
products and
the other high in
red meat, in a
10-week
crossover
intervention

Blood samples were collected
to analyze clinical blood
parameters (CRP, cholesterol,
and uric acid)

Faecal samples were analyzed
for microbiota composition
using PCR-DGGE and for
SCFA using gas
chromatography

in at least 4 participants. The WG
intervention reduced obesity
parameters, while the RM diet
increased serum levels of uric acid
and creatine. The intervention did
not significantly change SCFA
concentrations and calprotectin
measured in faecal samples
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Table 1 (continued)

Author Design Subjects Location Methods Results
Koponen Cross- 4930 Finland Dietary intake was assessed Both microbial alpha diversity and
et al. [29] sectional participants using a food propensity beta diversity were associated with
aged 25-74 from questionnaire which was the HFC score
the FINRISK transformed into a healthy For alpha diversity, the strongest
2002 study food choices (HFC) score associations were observed for
Stool samples were analyzed fiber-rich breads, poultry, fruits,
using SHOGUN for taxonomic  and low fat cheeses (all positive)
classification For beta diversity, the most
prominent associations were
observed for vegetables, followed
by berries and fruits. Genera with
fiber-degrading and SCFA-
producing capacities were positively
associated with the EHFC score
Bourdeau- Longitudinal 21 healthy Quebec Participants received a The gut microbiota responded
Julien et al. young adults City, Mediterranean diet for 3 days, immediately to dietary changes,
[30] from 20 to Canada followed by a Canadian diet but not all changes were reversible.
34 years old for 13 days, and then another Higher initial microbiome diversity
consisting of Mediterranean diet for 3 days was associated with reduced
11 women and Fecal and blood samples were microbiota modulation after
10 men with collected at the end of each short-term dietary intervention
general good dietary phase
health and a Plasma lipid mediators were
body mass index measured using LC-MC/MS
between 18.5 SCFA and BCFA were
and 30 kg/m2 quantified using
a GC-FID system
Neacsu et al. Randomized- 20 healthy male Aberdeen, The intervention diets were Both intervention diets were as
[31] controlled and female UK standardized with a four-day satiating as the volunteers’
crossover volunteers aged rotation menu, and energy habitual diets. The fava bean diet
trial 18-65 years old requirements were tailored to significantly reduced fasted plasma
with BMI 18- individual participants based glucose and insulin and increased
35 kg/m?, on their resting metabolic rate plasma homosysteine and increased
received two plasma, urine, and faecal
7-day dietary concentrations of salicylic acid
interventions Fava bean diet promoted the
involving growth of the gut bacterium
buckwheat and Coprococcus eutactus
fava beans
Rosés et al. Observational 360 Spanish Spain Participants’ dietary intake Bifidobacterium animalis was the
[32] adults of self- was assessed using a validated species with the strongest
reported FFQ and a PREDIMED association with the MD.
European questionnaire to measure Some SCFA-producing bacteria
ancestry adherence to the were also associated with MD
(251 females Mediterranean Diet (MD) In conclusion, this study showed
and 109 males) Fecal samples were collected that MD, fiber, legumes, vegetable,
with ages and analyzed using fruit, and nut intake are associated
ranging from 16S rRNA gene sequencing with an increase in butyrate-
45 £10.5 years producing taxa such as Roseburia
old faecis, Ruminococcus bromii,
and Oscillospira plautii
Malinowska  Cross- 200 participants  Poznan, Diet assessment using 3-day There was a difference in gut
et al. [33] sectional divided into Poland food records and Easy Diet microbiota composition between
healthy dietary Screener questionnaire individuals with healthy (higher

pattern (HDP)
and western

dietary pattern
(WDP) groups

Fecal microbiota composition
assessed by 16S rRNA gene
sequencing

abundance of Firmicutes and
Faecalibacterium) and western
dietary pattern

The abundance of beneficial gut
microbiota is associated with high
intake of vegetables, fruits, and
fiber, while unfavorable microbiota
is linked to high intake of added
sugar and soft drinks and the low
intake of fiber
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Table 1 (continued)

Author Design Subjects Location Methods Results
Zhang et al.  Longitudinal 64 Mongolians; Ulan Fecal samples were collected The Mongolian gut microbiota is
[34] 454 pyrosequen-  Bator, from 64 Mongolian dominated by Bacteroidetes
cing and -PCR  TUW at five time points and a low Firmicutes to
technology Province Bacteroidetes ratio (0.71)
and the The dietary structure was diverse
Khentii and stable throughout the year in
pasturing Ulan Bator and TUW but
area was simple and varied during the
year in Khentii
Seasonal dietary changes
significantly impact the intestinal
microbiota, particularly
in Khentii residents
Stull et al. Randomized- 20 healthy Finland Participants consumed either Cricket consumption was found to
[35] crossover adults, aged cricket-containing or control be safe and non-toxic
trial 18-65 years breakfast foods for 14 days, at the study dose
followed by a washout period Cricket powder supported the
and then switched to the other growth of the probiotic bacterium
treatment Bifidobacterium animalis.
Blood and stool samples were Cricket consumption was associated
collected at baseline and after with reduced plasma TNF-alpha,
each treatment period indicating a decrease in systemic
inflammation
Ren et al. Independent The Chinese China Fecal samples were collected Prevotella and Bacteroides were
[36] cohort Healthy Gut using sterile tubes identified as the most abundant
Project (n=483) genera in a healthy Chinese gut
microbiome
Lifestyle factors, such as sleep
procrastination, negative mood, and
drinking habits were found
to have significant effects on the gut
microbiota
Wang et al. Randomized- 123 healthy China Participants consumed ginger Ginger juice intervention increased
1371 crossover subjects (63 men juice the species number of intestinal
controlled and 60 women) Gut microbiota analysis: flora and altered the relative
trial 16S rRNA sequencing; abundance of certain
DNA extraction bacterial genera, such
as decreasing proinflammatory
species and increasing anti-
inflammatory species
Short-term intake of ginger juice
had substantial effects on the
composition and function of gut
microbiota in healthy people
Roy et al. Observational 1,000 UK Consumption of yoghurt: Yoghurt consumption is associated
[38] predominantly 131-item FFQ with reduced visceral fat mass and
female UK twins Healthy Eating Index (HEI) changes in the gut microbiome,
Employed FFQs to identify the association including a transient increase in
from Twin-UK between yoghurt consumption yoghurt-containing species like
cohort and eating patterns Streptococcus thermophilus, and
Healthy biomarkers by Bifidobacterium lactis
collecting body composition Consumers have a healthier diet
measurements pattern and improved metabolic
Faecal sample collection for health as indicated by higher
measuring gut microbiota healthy eating index and reduced
visceral fat mass
Moran- Cross- 926 children Latin 926 faecal samples SES is the leading environmental
Rameos et al.  sectional aged 6-12 years America factor influencing gut microbiota
[39] composition in Mexican children

Overweight and obese children
do not show the normal increase
in gut microbial diversity
associated with age
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Table 1 (continued)

Author Design Subjects Location Methods Results
Huey et al. Cross- Children Urban Rectal swabs were collected Increased microbial diversity
[40] sectional between 10 and Slums of was associated with current
18 months of Mumbai, breastfeeding, greater head
age living in India circumference, higher fat intake,
urban slums of lower hemoglobin concentration
Mumbai, India and weight-for-length Z-score
Age and dietary intakes of iron and
PUFA significantly explained
variations in phylogenetic diversity
Differences in microbiota
community structure were observed
based on the consumption
of fats and oils, with Proteobacteria
dominating the gut microbiota
of undernourished children
Zapico etal.  Experimental 20 low-income Northern Dietary information was 35% of subjects presented higher
[41] studies adults Spain collected using three 24-hour compliance with dietary
underwent a 4- dietary recalls recommendations, increased
week The intervention included a 1- consumption of vegetables and
intervention hour educational session on lignans and reduced consumption
healthy and affordable diets of processed meats
and nitrosamines, together
with depleted levels
of Actinomycetota
Eggersetal. Observational Data came from  Madison Analytic sample included adult  Food insecurity status was weakly
[42] the Survey of participants with complete associated with RCI
the Health of data on food insecurity, risk of  Gut microbiome diversity had an
Wisconsin and cognitive impairment, and 16S  increased association with RCI in
its ancillary rRNA sequencing both the food secure and insecure
Wisconsin Alpha diversity and individual  groups
Microbiome taxa associations with RCI Bacteroidetes sp. was associated
study (n=360) were estimated using linear with RCI in the food secure group
regression only
Sample sizes varied from fewer than 50 parti- potentially supporting a healthier microbiota

cipants in small intervention studies to more than
4000 participants in large population studies. Most
studies assessed gut microbiota using 16S rRNA
sequencing or shotgun metagenomics [23, 24, 26, 28,
32, 33, 42]. Dietary patterns were measured using
food frequency questionnaires, diet quality indices, or
food intake records, while food security was assessed
using household food security instruments or
socioeconomic indicators.

Food security is an important social determinant
that influences the diversity and quality of
household food consumption, including access to
nutrient-rich foods, dietary diversity, and overall
nutritional status [23,42-44]. Studies by Bixby et al.
[23] and Eggers et al. [42] provide complementary
evidence for the relationship between food inse-
curity, gut microbiome, and human health. Bixby
et al. [23] found that individual nutritional quality
was associated with changes in gut microbiota
composition in food-insecure adults, indicating that
nutritional status plays an important mediating role
in the relationship between food insecurity and
microbiota composition, with better diet quality

26/Tom XXXI/3

composition even under conditions of limited food
access. Furthermore, a study from Eggers et al. [42]
demonstrated that food insecurity modified
composition and risk of cognitive impairment in
adults, with the food-insecure groups showing
significantly different patterns of microbiota-
cognition associations than the food-secure group.
In turn, several studies demonstrated that diet
quality and composition are well-established modu-
lators of gut microbiota composition, with fiber-rich
and plant-based diets associated with greater micro-
bial diversity and abundance of SCFA-producing
taxa.Koponen etal. [29] reported that individuals
with high diet quality, assessed using the Healthy
Food Choices (HFC) score among 4,930 participants,
had greater microbiota alpha-diversity and higher
relative abundance of fiber-degrading and SCFA-
producing bacteria. Similar findings were reported by
Malinowska et al. [33], who demonstrated that beta
diversity, but not alpha diversity, differed between
healthy and Western dietary-pattern groups; the
healthy dietary-pattern group showed higher relative
abundance of Firmicutes and Faecalibacterium. Large
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population studies in Poland also have shown that
there were no differences in alpha-diversity between
healthy dietary pattern group and Western dietary
patterns group, while beta-diversity and selected taxa
differed [33]. These findings are reinforced by a
cohort study in the UK showing that regular con-
sumption of fermented foods is correlated with in-
creased microbiota diversity in adults [38]. Moreover,
Garcia-Vega et al. [26] demonstrated that diet quality,
specific food group consumption, and nutrient intake
were associated with variations in gut microbiota
composition in Colombian adults. Other studies
conducted by Rosés et al. [32] and Noh et al. [25]
reported that adherence to a Mediterranean diet or a

high-fiber diet was associated with increased Bifi-
dobacterium, Lactobacillus, and other butyrate-
producing bacteria. Roy et al. [38] also found that
regular consumption of fermented foods (yoghurt)
correlated with a more diverse microbiota in adults.
On the other hand, high consumption of ultra-
processed foods, saturated fats, and refined sugars
was associated with an increase in pro-inflammatory
bacteria and a decrease in protective bacteria [33, 38].
These findings collectively suggest that diet-related
factors which are closely intertwined with food
security conditions may contribute to shifts in
microbiota composition in these populations.

Table 2
Quality appraisal of observational studies using NOS (13 studies)
Author Design Selection Comparability Outcome Total score Quality
Malinowska et al. [33] Cross-sectional Sk hk ok Yook k 9/10 High
Koponen et al. [29] Cross-sectional Yok dk *k Yok k 9/10 High
Huey et al. [40] Cross-sectional Jkok ok Jokok 8/10 Moderate
Garcia-Vega et al. [26] Cross-sectional Jkk ok *k Jokok 9/10 High
Noh et al. [25] Cross-sectional Yodkkok Yok Yokok 9/10 High
Roy et al. [38] Cohort b8 0.0 ¢ *k Yok K 9/10 High
Rosés et al. [32] Cross-sectional Yk k %k Yook ok 8/10 Moderate
Bixby et al. [23] Cross-sectional Jkkk *k Jokok 9/10 High
Moran-Ramos et al. [39] Observational Yook Yok Yokok 9/10 High
Bourdeau-Julien et al. [30] Observational ok k ok Yook ok 9/10 High
Zhang et al. [34] Observational Jkkk *k Jokok 9/10 High
Eggers et al. [42] Observational Yok dek *k Yok k 9/10 High
Ren et al. [36] Observational * kA k *x Yokok 9/10 High
Dietary patterns have emerged as a key mediator Cross-sectional studies of large populations

between food

security and gut

microbiota

consistently show that socioeconomic factors and

composition. On the other hand, high consumption of
ultra-processed foods and saturated fats has been
reported to be associated with an increase in pro-
inflammatory bacteria and a decrease in protective
bacteria [33, 38]. This condition is common in popu-
lations with limited access to healthy food, as repor-
ted by Moran-Ramos et al. [39]. Thus, food security
influences the microbiota primarily through the
quality of the daily diet.
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food security are associated with variations in the gut
microbiota. Huey et al. [40] reported that economic
constraints limit children’s dietary diversity and
contribute to low microbiota diversity from an early
age. A longitudinal study by Zhang et al. [34] showed
that changes in consumption patterns due to environ-
mental and economic factors were followed by shifts
in the microbiota community over time. Moreover,
populations with limited food access or low socioeco-
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nomic status exhibit less stable and lower microbiota
diversity. Moran-Ramos et al. [39] also reported that
environmental and socioeconomic status markers
were linked to differences in microbiota composition
in Mexican children. A study of children in urban
slum settings in India found a predominance of
opportunistic bacteria and a low prevalence of
protective bacteria [40]. Conversely, populations
with limited food access exhibited less diverse micro-

biota profiles. Huey etal. [40] found low alpha-
diversity and a high proportion of opportunistic
bacteria in children in poor urban settings. Moreover,
several studies showed that food insecurity was
directly associated with differences in gut microbiota
composition and metabolome profiles, with food-
insecure individuals showing higher abundance of
Enterobacteriaceae and Eisenbergiella compared to
food-secure counterparts [43, 44].

Table 3

Quality appraisal of randomized-controlled trial using RoB 2 (7 studies)

Author

Results of assessment

Risk of bias

Bisanz et al. [24]

Han et al. [27]

Wang et al. [37]

Foerster et al. [28]

Neacsu et al. [31]

Stull et al. [35]

Zapico et al. [41]

Randomization: Some concerns; Deviations: Some concerns;
Missing data: low; Outcome measurement: Some concerns;
Selective reporting: Low

Randomization: Some concerns; Deviations: Some concerns;
Missing data: low; Outcome measurement: Some concerns;
Selective reporting: Low

Randomization: Some concerns; Carry-over effect: Unclear;
Outcome measurement: Low

Randomization: Some concerns; Wash-out period: Unclear;
Outcome measurement: Low

Randomization: Some concerns; Wash-out period: clear;
Outcome measurement: Low

Randomization: Some concerns; Deviations: Some concerns;
Missing data: low; Outcome measurement: Some concerns;
Selective reporting: Low

Randomization: Some concerns; Wash-out period: clear;
Outcome measurement: Low

Overall: Some concerns

Overall: Some concerns

Overall: Some concerns

Overall: Some concerns

Overall: Some concerns

Overall: Some concerns

Overall: Some concerns

Several intervention studies support the biological
mechanism by which dietary changes can modulate
microbiota metabolism. A study of fermented kimchi
consumption showed an increase in lactic acid
bacteria (LAB) and improved metabolic parameters
within eight weeks [27]. Meanwhile, Foerster et al.
[28] reported that whole grain consumption increased
the proportion of fermentative bacteria compared to a
diet high in red meat. Neacsu et al. [31] reported that
fava bean and buckwheat diets modulated bio-
markers, metabolites, and selected bacteria, including
increased Coprococcus eutactus after the fava bean
diet. Wang et al. [37] showed short-term ginger juice
intake changed microbiota composition and predicted
function, including changes in richness/evenness and
selected genera. Plant-based food or functional
beverage interventions can increase SCFA produc-
tion by microbiota. These metabolites play a crucial
role in maintaining intestinal mucosal integrity,
regulating inflammation, and insulin sensitivity.
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Thus, diet-mediated changes in the microbiota may
be a biological pathway linking food security to
metabolic disease risk [45, 46].

Intervention studies improving food access
demonstrate the potential impact of food security on
the microbiota through improved diet quality. Bixby
etal. [23] reported that food assistance programs
increased household fruit and vegetable consumption,
which was followed by a shift in the microbiota
toward an increase in fermentative bacteria. Similar
findings were reported by Zapico et al. [41] who sho-
wed that food support-based interventions improved
microbiota community stability. However, most
interventions were short-term and had limited sample
sizes. This limits the studies’ ability to assess long-
term microbiota stability. Overall, the evidence sug-
gests a potential association between socioeconomic
status and gut microbiota composition. Overall, the
findings of this review strengthen the evidence that
the gut microbiota is an important mediator between
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socioeconomic factors, dietary patterns and host
health. Findings from large population studies such as
Koponen et al. [29] and Roy et al. [38] suggest that
improving diet quality may be a promosing strategy
for supporting gut mircobiota health. From a policy
perspective, these results suggest that food security
programs may influence not only nutritional status
but also microbial ecosystem, which plays a role in
preventing chronic diseases. Food aid interventions,
healthy food subsidies, and nutrition education can be
a dual strategy to improve dietary quality and
population microbial health [26, 41].

Our findings complement the recent narrative
synthesis by Ratcliff et al. (2026), which reviewed
26 studies examining the association between socio-
economic position and gut microbiota. While that
review summarized the existing evidence narratively,
our systematic review expands the evidence base by
including more recently published studies and pro-
viding a structured comparison of observational and
intervention studies. In addition, our review em-
phasizes dietary pathways and microbiota-related
mechanisms that may explain socioeconomic dispa-
rities in health outcomes.

This study has several limitations. First, only
studies published in English were included, which
may have introduced language bias and resulted in the
exclusion of relevant evidence published in other
languages.Second, grey literature (e.g., conference
proceedings, dissertations, and preprints) was not sys-
tematically searched, potentially increasing publi-
cation bias.Third, this review was not prospectively
registered in PROSPERO.Nevertheless, the review
followed PRISMA reporting guidance.Finally, the
relatively small number of intervention studies limits
the strength of conclusions regarding causality.

CONCLUSIONS

1. Food security and diet quality are associated
with microbiota diversity and composition, as
demonstrated by most observational studies. Al-
though consistent associations have been reported
across various populations, the predominantly

observational nature of the evidence does not allow
definitive causal conclusions.

2. Awvailable evidence indicates that increasing
access to nutritious food and improving diet quality
are potentially promising strategies for improving
microbiota health.

3. This review identified significant heteroge-
neityamong the included studies, including diffe-
rences in food security measurement instruments,
dietary assessment methods, microbiota sequencing
techniques, and diverse characteristics. This metho-
dological heterogeneity limited the comparability of
quantitative measures across studies and made meta-
analysis difficult. Therefore, more standardized
longitudinal studies and further studies are needed in
the future to confirm the evidence and establish
causal relationships between food security, diet
quality, and gut microbiota composition.
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